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EXERCISE Р.1 
@ У x, =x, +x, =17+1=18 
(b) У ху, = Xy, t Xy, + х,у; 217(5) +1(2) + 0(8) = 854+ 240 = 87 
() х=(ух,)/3=(х+х,+х,)/3=(17+1+0)/3 = 18/3 = 6 


( У? (хх) = (х) + (x, -¥) +(x, -¥) =(17-6)+ (1-6) +(0-6) 211-5-6-0. 
The sum of, values minus their arithmetic mean (average), is always zero. 

(е) У (хх) = (х) 4(х,-Х) -(x, - X) . Using X 26 from (c), 
Y (x -xy =(17—6) «(1-6 4(0-6) =11 +(-5} +(-6) =121+25+36=182 


(0 У? х2 = х2 +2 + х2 = 172 +12 +0? = 289+1+0 = 290, then 


i=l" 7 
(2, )- 3? =290-3(67) = 290-386) = 290-108 = 182 


() У-(Ху)/3-(52-8)/3-15/3-5. Then 


У (х) у) = (а) -3)* 68 —¥) (V2 -3) 65 -3)0s - Y) 


= (17-6)(5—5)+(1-6)(2-5)+(0-6)(8-5) 
-11(0)-(-5)(-3) (-6)(3)-15-18--3 
(h) x =(ху,)+(х,у,)+(х,у,) = 17(5) +10) + 0(8) = 87. Then using X = 6 from (c) 


and y =5 from (в), У) xy, - 3xy = 87 -3(6)5) - 87 - 90 — -3. 
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EXERCISE P.2 
(а) (х/у,)+(х,/у„)+(х,/ y) Qu! у„) = y) 
(D у›,+у;+у,= 2284 
(с) хуу+х„у,+х,у,+ху, EX 
(d) — x yx XS Yao 
(е) (х,/у;)+(х„/у)= aux) 


(f) (x, —y,)+(x, у) (ул) + (уа) = (х, -95) 
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EXERCISE P.3 

(а) У (a-bx)- (a-bx,)-(a-bx,)*(a-bx,) 3a - БУ? х, 

() У 02 =P +22 +3 +4? =1+4+9+16=30 

(с) 
У; „(22° +3х+1) = (2x0 3x01) (2хГ-3х141)-(2х27-3х2-41)-146-15-22 
or 


Ear +3x+1) =2У ух ЗУ? xt У = 2(0? +12 +22) +3(0+1+2)+(1+1+1) 


= 2(5) + 3(3)+3=22 


(d Yf(xe3)- fQ3) (3+3) + £(443)= £(5)4 f (6) £(7) 


x-2 


3 


€) У (х,у) = (у) (2,у)+ f(.») 


х-1 


2 4 


(f) (+2) У[(х+2)+(х+а)]= 0+6) = (24346) + (2446) = 12414 = 26 


4 
x=3 у=1 x=3 


= 
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EXERCISE P.4 


(a) The sum of squared deviations about the mean is usually more easily computed using this 
result. 
Эх -х) = 25 +x -2x x) = (Ex) t (x) (-2хх)- P» tnx^-2xY x, 
1-1 i=l 1-1 1-1 i=l i=1 i=l 
= P» nx E - (Ex) ФИХ--20Х = (Es jue 
i=l i=l n i=l i=l 
(b The sum of the crossproduct of, each variable minus its sample mean, is usually more easily 
computed using this result. 
Ў =), у) EG x37 33) (Ўл) Уа -Èn +y 
i-l i-l i-l i=l 1-1 
n E n n E n n 2 n EE 22 Жэн 
= (ху) -y> x, B -XY y, B +nxy = » —nxy – пху + пху 
i=l i=l n i=l п i=l 
- [Ex] -nxy 
i-l 
(c) 


The sum of a variable minus its arithmetic mean (average) is always zero. 
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EXERCISE P.5 


(а) Let SALES = monthly sales. SALES ~ N (50000, 6000" ) 


P(SALES > sooo) = p| SES = " 62000-50000) 


б 6000 
= P(Z»1.67)-1- P(Z <-1.67) 
=1-0.9525 = 0.0475 


Graphically, in terms of both SALES and the standardized normal Z the area is in the right 
tail of the distribution. 


Probability(SALES > $60000) Probability(Z > 1.67) 


.00004 .00006 .00008 
| | j 


f(SALES) 


.00002 
| 


© T T T T T 
30000 40000 50000 60000 70000 t -4 -2 0 2 
SALES 


(b) The probability that SALES are between $40,000 and $55,000 is 
40000 — 50000 p SALES -u Ч 55000 — шан 
6000 o 6000 
= P(-1.67 < Z < 0.83) = P(Z «0.83)- P(Z < -1.67) 
= 0.7967 – 0.0475 = 0.7492 


P(40000 « SALES « 55000) - al 


The plots in terms of SALES and the standard normal Z are 


Probability($40000 < SALES < $55000) Probability (-1.67 < Z < 0.83) 


.00004 .00006 .00008 
| | J 


f(SALES) 


.00002 
| 


е) T T T T T 
30000 40000 50000 60000 70000 t -4 -2 0 2 
SALES 
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Exercise P.5 (continued) 


(с) The value SALES97 must satisfy 


X-u _ SALES97 50000 
с 6000 


P(X > SALES97) = | Jen» z.)-oos 


Using Statistical Table 1 Z, =1.88, or using computer software Z, = 1.88079 . Solving for 
SALES97 we have 


SALES97 — 50000 
6000 


The 97th percentile of the distribution of sales is $61,280. 


=1.88 > SALES97 = 50000 + 1.88(6000) = 61280 


(d) The distribution of PROFITS is 
PROFITS = 0.3SALES —12000 ~ N (0.3 x 50000 —12000, 0.3? x 6000") - N (3000, 18007) 


The probability that PROFITS are less than or equal to zero is 


PROFITS — 3000 а 0— 3000 


P(PROFITS < 0) =P < 
1800 1800 


| = P(Z <-1.67) = 0.0475 


Probability(PROFITS <= 0) Probability(Z <= -1.67) 


.0001 .00015 .0002 
| | | 


f(PROFITS) 


.00005 
| 


0 


T T T T T 1 T T T 
-2000 0 2000 4000 6000 80 -4 -2 0 2: 
PROFITS 2 


Alternatively, PROFITS = 0.3SALES —12000 < 0 = SALES < 40,000. The probability of 
this event is 


SALES -u , 40000 — 50000 
б 6000 


P( SALES « 40000) = P| Je nz <-1.67) =0.0475 


The figure should be modified accordingly. 


https://gioumeh. com/ pCapgriphttS 29:8 Wüeyples-of-econometrics/ 


robabuity Frimer, Exercise solutions, Frinciples о) Econometrics, Је 


EXERCISE P.6 
(a) Х-М(40,10%). The probability that the return will exceed 55% is 


X -uy 925 40 
б, 10 


Р(Х>55)- of )- Р(2>1.5)-1-Р(2 <1.5)=1- 0.9332 = 0.0668 
(b) /-08Х-5- N(0.8 x40—5, 0.82 x 107) = N(27, 8°). The probability that the return will 
exceed 55% under this scenario is 
V -u, - 55-27 
Oy 8 


P(V >55)= 1 р P(Z »3.5) -1- P(Z <3.5) =1— 0.9998 = 0.0002 


Alternatively, / 20.8X —52 55 — X 2 75. The probability can be calculated as 


X -uy „7—40 
Oy 10 


)- P(Z »3.5) -1- P(Z €3.5) -1— 0.9998 = 0.0002 
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EXERCISE P.7 


(a) 


(b) 


(4) 


SALES = 50000 – 100PRICE . Using the expected value rules for a linear function 
E(SALES) = 50000 — 100E (PRICE) = 50000 —100 x 248 = 25200 cans 


The additive constant 50000 does not affect the variance. 
var (SALES) = var (50000 — 100PRICE) = (-100)' x var (PRICE) = 100° x10? = 1,000,000 


The unit of measurement is “cans squared.” 


PRICE ~ № (248,10), SALES ~ N (50000 —100x 248, 100° x 10” ) = N (25200, 1000" ) 


SALES -u _ 24000 - 25200 
с 1000 
= P(Z <1.20) = 0.8849 


P( SALES > 24000) = Р Je P(z>-1.20) 


Alternatively, SALES = 50000 – 100PRICE > 24000 = PRICE < 260. The probability is 
then 


PRICE -M prce 260-248 
10 


| | @<з)-звә 


[o] 


price 


SALES -u Ч 541Е595-25200 


P(SALES > SALES95) = " 
c 1000 


| = P(Z > 1.645) = 0.05 


SALES95 — 25200 
1000 


Then, 
SALES95 = 26845 = 50000 — 100PRICE95 


= 1.645 = SALES95 = 25200 + 1000 x 1.645 = 26845 


So, 
PRICE95 = (26845 - 50000 )/-100 = 231.55 cents. 
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EXERCISE P.8 
(а) E(REVENUE)=100+20ADVERT . 


Knee & Joint Clinic Expected Revenue 


E(REVENUE) 
150 200 250 


100 
| 


50 
| 


0 
| 


2 3 
ADVERT 


(b) REVENUE ~ N(100+20ADVERT, 900) : 


If ADVERT = 2, then REVENUE | ADVERT = 2 ~ N (140, 900). 


P| (REVENUE | ADVERT =2)>110|= p(z > woe = P(Z» -1)- P(Z <1) = 0.8413 
o . Probability(Revenue > $110,000|Advert = $20,000) T Probability(Z > -1) 
5 50 100 150 200 250 ° -4 2 0 2 4 

Advert z 


(c) | REVENUE ~ N (100 -- 204DVERT, 900). 
If ADVERT = 3, then REVENUE | ADVERT =3 ~ N (160,900). 
The probability is 
110—160 
P| (REVENUE | ADVERT -3)»110|-Р| Z> E xD 
= P(Z » -1.67)- P(Z <1.67)= 0.9525 
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Exercise P.8 (continued) 
(d) REVENUE ~ N(100+20ADVERT, 900) and REVENUE | ADVERT = 2 ~ N (140, 900) . 


P| (REVENUE | ADVERT = 2) > REVENUE975 | 


_p REVENUE —140 а REVENUE975 – 140 
7 30 30 
= 0.975 

The 97.5 percentile then is 


REVENUE975 —140 
30 


=1.96 > REVENUE975 = 140 + 301.96 =198.8 


P| (REVENUE | ADVERT = 2) < REVENUEO25 | 


E = т eee | 
30 30 


= 0.025 


The 2.5 percentile then is 


шингэн IM --]1.96 > REVENUEO25 = 140 – 30х1.96 = 81.2 


If ADVERT = 2 then the probability is 0.95 that REVENUE will fall between $81,200 and 
$198,800. 


(e) The probability that REVENUE is greater than 110 is 


p| SEE б U revenue > 1 10 E U revenue | = 42 > 1 10 = U revenue | where 


revenue О revenue revenue 


= E(REVENUE) =100+20ADVERT . Also, P(Z > —1.645) = 0.95. 


М. геге 


The required level of advertising is implied by the equation 110 Preveme = —1.645, or 


o revenue 


=110+1.6456,,„„ = 110+ 1.645(30) = 159.35. Substituting 
Неше = 100+ 20ADVERT = 159.35 , we find that ADVERT = 2.9675 ensures that the 
probability of revenues exceeding $110,000 is 0.95. 


Hy evenue 


To check, if ADVERT = 2.9675 = E( REVENUE ) = 100 + 20(2.9675) 2159.35. 
In this case, REVENUE ~ N (159.35, 30°) and 


5 em _ 
30 


P (REVENUE 2 110)=P(Z2 P(Z > -1.645) = 0.95. 
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EXERCISE P.9 


(a) The marginal distributions are 


Political Party Probability 
Republican 0.45 
Independent 0.15 
Democrat 0.40 

War Attitude Probability 
against 0.45 
neutral 0.25 
in favor 0.30 


(b) The conditional probability is 


P(INDEPENDENT and IN FAVOR) 0.05 
P(IN FAVOR) г 0.30 


P(INDEPENDENT | IN FAVOR) = = 0.167 


(c) They are not independent. For example 
P(DEMOCRAT and IN FAVOR) =0 = P( DEMOCRAT )x P(IN FAVOR) = 0.40x 0.30 = 0.12 


(d) Тһе probability distribution of WAR is 


WAR | 1 2 3 
f(WAR) | 045 0.25 0.30 


The expected value of WAR is 


3 
E(WAR)= У war x f (war)=1(0.45) + 2(0.25) +3(0.30) = 0.45 + 0.50 + 0.90 =1.85 


war-l 
The expectation of WAR implies that on this scale the U.S. Population has an attitude 
between Against and Neutral. 
To find the variance first calculate 
3 
E(WAR’)= У war? x f (war) = Y (0.45) + 2? (0.25) - 3^ (0.30) = 0.45 + 1.00 + 2.70 = 4.15 


war-l 


Then 


var (WAR) = E(WAR?)- [ E(WAR) | =4.15—(1.85)° — 4.15 -3.4225 = 0.7275 
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Exercise P.9 (continued) 


(e) The relation CONTRIBUTIONS =10+2xWAR implies the expected value 
E (CONTRIBUTIONS ) = E(10+2x WAR) =10+ 2x E(WAR) =10+2(1.85) 213.7 


The variance of CONTRIBUTIONS is 
var (CONTRIBUTIONS ) = var (10 + 2x WAR) = 2° x var(WAR) = 2.91 


Then, 


standard deviation(CONTRIBUTIONS ) = „var (CONTRIBUTIONS ) = /2.91 =1.71 
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EXERCISE P.10 


(a) 
E(X)- 2114 = —5000(0.5) + 75000(0.5) = 0.5 x 70000 = 35000 
E(Y)- X (y) = –10000(0.4) + 70000 (0.6) = —4000 + 42000 = 38000 
: 
The expected value of the Y proposal is higher. The firm should spend $10,000 on the 
proposal based on this criterion. 
(b) 


Е(х?)= Xx f (x) =(-5000)’ (0.5) + 750007 (0.5) = (o.5) (-5 x10°) +(7.5x 17 | 
1 (0.5) (-5) (10°) « (7.5). (07) | = (0.5) 25x 10° + 56.25x10*] - (0.5)(0.25-- 56.25) x 10° 
= (0.5)56.5x 10° = 28.25 x 10° 
vat (X) = E(X?)-[E(X)] = 28.25 x10* - [3.5x10*] = 28.25 x10* -12.25x10* = 16x 10° =1.6х10° 
(c) Similarly, E (Y°) - Y ^ f(y) =29.8x108 and var(Y) = E(Y?) - [E(Y) | =15.36х10*. 


(d) The expected value of the Y proposal is higher and the variance of the Y proposal is lower. 
The firm should spend $10,000 on the proposal based on these criteria: The firm choice 
would not change. 
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EXERCISE P.11 


(a) 

P(VOTE = -1) = 0.466 

P( PARTY = -1)- 0.32 

P(VOTE =-1| PARTY =-1) = 0.97 

P(VOTE =-1 and PARTY = –1) = P(VOTE = –1| PARTY = -1) P(PARTY = -1) = 0.97 x 0.32 = 0.3104 


(b) Мо, they are not statistically independent. 


P(VOTE = –1 and PARTY =-1)= 0.3104 = P(VOTE = –1 ) P( PARTY = -1) =0.466x 0.32 = 0.14912 
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EXERCISE P.12 


(a) 
GRADE 4 3 2 1 0 
figrade) 0.13 0.22 0.35 0.20 0.10 
(b) 


E(GRADE)= У gradex f (grade) = 4(0.13)  3(0.22) + 2(0.35)+1(0.20) + 0(0.10) 


grade 


= 0.52 + 0.66 + 0.70 + 0.20 = 2.08 
E( GRADE? ) = > grade! x f (grade) = 4 (0.13) +3? (0.22) + 2^ (0.35) I^ (0.20) + 0° (0.10) 


= 2.08 +1.98+1.40+ 0.20 = 5.66 
var (GRADE) = E(GRADE?)- [ E(GRADE)] = 5.66 (2.08): 21.3336 


(c) 


E(CLASS _ AVG) = $ GRADE, рю) = (svo) | È orane, = (1/300)300E (GRADE) 


i=] 


E(CLASS _ AVG) = E(GRADE) = 2.08 


300 300 300 
var(CLASS _ AVG) = Р GRADE, J300) = var (1/300) GRADE, | = (1/300) РЕ 
i=l i=l i-l 
Since the GRADE's are independent, the variance of their sum is the sum of their variances: 


var (CLASS | AVG) = (1/300) (300 var(GRADE)) = (1/300) var (GRADE) = 0.0044 


(d) The probability that, on a given Monday, more than 3 students are absent is 


E(MAJORS) = E(50+10CLASS _ AVG) - 50--10E(CLASS _ AVG) =50+10(2.08) = 70.08 
var (MAJORS) = var(50--10CLASS _ AVG) =10° var (CLASS _ AVG) - 100 var(CLASS _ AVG) - 0.44 
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EXERCISE P.13 
(a) 


W=0 W=1 W=2 c 
С=1 0.06 0.12 0.12 0.3 
С=0 0.07 0.14 0.49 0.7 
fw) 0.13 0.26 0.61 


(vi) = 0.12 + 0.14 = 0.26 


(ш) = 0.61-0.12-0.49 


(iv) = 0.07+0.14+0.49=0.7 
(ii) = 1-0.7=0.3 

(i) = 0.3 — 0.24 = 0.06 

(v) = 0.06 + 0.07 = 0.13 


(b) 
P(W-w,C-0) Р(У-м,С-0) 
P(C=0) 0.7 
P(W-0,C-0) 007 _ 
P(C=0) 0.7 
P(W=1,C=0) 014 _ 
Р(С-0) 0.7 
P(W-2,C-0) 049- 
Р(С-0) 0.7 


P(W|C=0)= 


P(W =0|C=0)= 0.1 


0.2 


P(W =1|C=0)= 


P(W =2|C=0)= 0.7 


The conditional distribution of W given that С = 0 is 


w 0 1 2 
w|C-0 0.1 0.2 0.7 


The conditional distribution f(w|C=0) is not the same as fw), therefore the two random 
variables W and C are not statistically independent. 


https://gioumeh. com/ pCapghiphth> 29:8 Wüeyples-of-econometrics/ 


robabiuity Frimer, Exercise solutions, Frincipies of Econometrics, 56 


Exercise P.13 (continued) 


(с) 
E(W)= M wf (w) =(0x 0.13) +(1 0.26) + (2x 0.61) =0.26+1.22 =1.48 
E(W|C-=0) => wf (wi C =0)=(0x0.1) + (1x 0.2) +(2x0.7)=0.24+1.4=1.6 
E(W|C=1)=) wf (w|C=1) =(0x0.2)+(1x0.4)+(2x0.4) 20.40.8712 
The LSU Tigers have a higher expected number of wins when the weather is not cold. 
(d) 


E (FOOD) = E (10,000 — 3000C) = 10,000— 3000£ (C) 
E(C)= > cf (c) 21(0.3) -0(0.7) 20.3 

E (FOOD) = E (10,000— 3000C) = 10,000 — 3000 x 0.3 = 10,000 — 900 = $9,100 
E(C )- Ye f (c) - Y (0.3) «0^ (0.7) =03 

var(C) = E(C?)-[E(C)] -03-(03) =0.3-0.09 =0.21 


2 


var (FOOD) = var (10,000—3000C) = 3000" var (C) = (3x10*) var(C) - 9x0.21x10* =1.89 x10* 


standard deviation (FOOD) = {var (FOOD) = 41.89 x105 = 4/1.89 x10? = $1374.77 
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EXERCISE P.14 


Knee = K 
0 1 2 fis) 
1 0.15 0.09 0.06 0.3 
2 0.06 0.15 0.09 0.3 
houlder = | 0.09 | 03 | 
ша: 3 0.02 0.10 0.08 0.2 
4 0.02 0.08 0.10 0.2 
fü 0.25 0.42 33 
(à Р(5-2)-03 
P(S=2,K=1) 0. 
(b P(S=2|K=1)= ( ) 0.15 0557 


Р(К-1) 042 
(с)  P(S-3,K =2)=0.08 


(d) No. From part (a) P(S = 2) = 0.3 and from part (b) P(S UPC 1) = 0.357. Because these 


are not equal we know that shoulder and knee visits are not statistically independent. 


(e) E(S)= У sf (sv) =1(0.3) +2(0.3) -3(0.2) - 4(0.2) =0.3 + 0.6+ 0.64 0.8 =2.3 


(f) 
E(S : 32570) = 1? (0.3) 2? (0.3) +3? (0.2) +4? (0.2) =0.34+1.2+1.8+3.2=6.5 


var(S) = E(S?)-[£(S)] -65-(23У -121 
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EXERCISE P.15 


(a) 
Y 
0 1 fix) 
-20 0.20 0 0.20 
Х 0 0.10 0.15 0.25 
20 0.10 0.45 0.55 
fb) 0.40 0.60 


(b) — E(X)- Y xf (x) =-20(0.2) + 0(0.25) + 20(0.55) 2 41127 


x 


The expected winnings are positive, so based on this criterion you should take the bet. 


(c) 


X -20 0 20 
falY=1) 0 1/4 3/4 


(d | E(X|Y 21) - Yixf(x|Y =1)=-20(0)+0(1/4)+20(3/4) =15 


x 


Your expected winnings are higher if you know she did not study. 


(e) E(X)=E,[E(X|¥) |= X Е(Х|Ү = у)у,(у)= Exc Y = 0) А (0) + EQC IY =D л (0) 
E(X|Y =0)= Diaf (x|¥ =0)=—20(1/2)+0(1/4)+20(1/4)=—10+5=—S 


Е(Х)-Е, E£(X|Y)|- E(X|Y =0) f, (0)+ £(X|¥ 21) f, (1) =-5(0.4) +15(0.6) =-2+9=7 
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EXERCISE P.16 


Sex 
Female Male Total 
Suffers from 553/61792 
breast cancer 3530/61792 3/61792 —0.0089493 
Not suffering 
61239/61792 
from breast 30,868/61792 30371/61792 —0.9910506 
cancer 
31,418 30,374/61792 
203 -0.5084477 -0.4915523 шин 


(a) | P(BREAST CANCER) = 550/ 61792 +3/ 61792 = 553 / 61792 = 0.0089493 


(b) 


P( BREAST CANCER, FEMALE) 
P( BREAST CANCER | FEMALE) = 


P( FEMALE) 
(550/61792)  (550/61792) 


= = = 0.0175058 
(31418/61792) 0.5084477 


(c) 
P(CANCER,FEMALE) (550/61792) 550 
P(FEMALE | BREAST CANCER) = ——— —  — MÀ 27 = 0.994575 
P(CANCER) 553/61792 553 
(d) 
BREAST CANCER CANCER NO CANCER 
P(BREAST CANCER|FEMALE) 0.0175058 0.9824941 
(e) 


P(BREAST CANCER, MALE) 
P(MALE) 
| (3/6172) 3 
~ (30374/61792) 30374 
P(NO BREAST CANCER, MALE) 
P(MALE) 


P( BREAST CANCER | MALE) = 


= 0.00009877 


P( BREAST CANCER | MALE) = 


_ (30371/61792) 30371 


= = = 0.99990123 
(30374/61792) 30374 
BREAST CANCER CANCER NO CANCER 
P(BREAST CANCER|MALE) 0.00009877 0.99990123 
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EXERCISE P.17 
(a) 


Қу) 


(b) F(y)- P(Y sy)- [2tdt- =y 


(c)  P(Ys1/2)-bh/2-|(1/2»1]/2-1/4 


Қу) 


P(Y <1/2) -bn/ 2 - [0/2)x1]/ 2721/4 


(d | P(YsU2)-F(V2)-(1/2) 21/4 
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Exercise P.17 (continued) 
(е) 


Р(1/4<Ү<3/4)-ААСО- ЛАВЕ 
-(3/4)(3/2)/2-(1/4)(1/2)/2 
E -(9/16)-(1/16)-8/16-1/2 


D 


(0 Р(1/4<Ү<3/4)-Е(3/4)-Е(1/4)-(3/4)-(1/4):-9/16-1/16-1/2 
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EXERCISE P.18 


(a) From the point of view of the auditor finding a return with an error is a success (5), and 
finding no error is a failure (F). Finding the first error on the fourth return means that we 
observe the sequence FFFS. If these returns are distributed randomly then each outcome is 
statistically independent of the others. If the probability of finding a return with an error is 
0.03, then 


P(FFFS)- P(F)x P(F)x P(F)x P(S)=(0.97) x (0.97) x (0.97) x (0.03) = 0.02738 


(b) Yis a discrete random variable. It can take the values 0, 1, 2, .... It can take the value 0, 
which would mean that the first return viewed contained an error. It can take the value 500, 


although the probability of observing 500 failures in a row is (0.97) (0.03) = 7.294 x10? 


which is very small. 
(c) In part (a) we observe the value of Y, y 23. Then 
P(Y = y)» p(1- py = (0.03)(1—0.03)' =(0.03)(0.97) = 0.02738 
In general, the probability that Y takes the value y means that there are y successive failures, 


followed by one success. The probability of a failure is 1— p and the probability of success 
is p. Assuming independence the probability of such an outcome is 


y terms 


(d) 


4 


Ын 
e. 
2% 
- | 
EN | Е m 
T T T T T 
0 1 2 3 
y 


(0 У ,pü-») -»Y 0-2») = 1253 - 1 21 
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XCTCISC SOLUTIONS, 


Exercise P.18 (continued) 


(f) For each value of y, Ё ( y) is the sum of the probabilities for outcomes less than or equal to 
у. 


Tinciples o 


СОПОтеїїїС8, 


y Ду) FY) 

0 0.5 0.5 

1 0.25 0.75 

2 0.125 0.875 

3 0.0625 0.9375 
4 0.03125 0.96875 


е 
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EXERCISE P.19 


() Е(7)=Е(Х)+Е(Ү)/2=цн+и/2=(3/2)н 
(b) var(Z) = уа X +(1/2)¥ |= var( X) - (1/4) var(Y) =(5/4)с” 


(c) Ер, =-0.5 then cov(X, Y) = субуруу =—0.50° . In this case the variance of Z is 


var(Z) = var[ X +(1/2)¥ | = var (X)+(1/4)var(Y)+2(1/2)cov(X, Y) 
=0°+(1/4)o°-(1/2)o° = (3/4)c* 
(c) The correlation between aX and bY is 


соу(аХ,БҮ)  abcov(X,Y) соу(Х,Ү) 
{var (aX ) var (bY) abo бу 0,0, 


XY 


corr(aX, bY) = 


If the correlation between X and Y is —0.5 then the correlation between aX and bY is the same. 
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EXERCISE P.20 


(a) 


P(0< X <1)=area = length x width =1x1=1 


(b) Е(х)= Р(Х «x)- [ 1at- x for 0<х<1. If x<0 then F(x)=0. If x21 then 


(c) 


(d) 


(e) 


F(x) -].In summary 


0 x<0 
Е(х)-үх 0«х«1 
1 x21 


Р(0< X <0.1)=F(0.1)=0.1 
P(0.5< X < 0.6) = F (0.6)—F (0.5) 20.6-0.5-0.1 


P(0.79 < X < 0.89) = F (0.89) — F (0.79) 0.89 —0.79 = 0.1 


E(X) | af (хх = | хах = 0.5х^| = 0.5 


0 


B(X?)=( [o fox [а= (1/3) |, 20/3) 


0 0 


var(X)=E(X?)-[E(X)} =(1/3)-(1/2) =1/3-1/4=1/12 
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Exercise P.20 (continued) 


(f) 


x 


Еі P(Y =1|X=x)= 
=]-x 


0 Р(Ү=0|Х=х) 
E(Y)=E,[E(Y|X=x)] 
Е(Ү|Х=х)=1хР(Ү=1|Х=х)+0Р(Ү=0|Х=х)=х 
E(Y)- Е,[Е(Ү|Х)]= Е,[Х]=1/2 


(8) 
E(Y*|X)-1xP(Y =1|X 2x)«0P(Y 20] X 2x)2 x 


var(Y |X 2x) S E(Y*|x 2x)- [E(Y|X 2x)] -х-х 
E,| va(Y| X) - E, (X - X?) = E(X)- E(X?)- (1/2)- (1/3) 21/6 


var(Y)- var, | E(Y | X) | - E, | va (Y | X) | (1/12) (1/6) 21/4 
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EXERCISE P.21 

(a) 

E(Y)- Y yf (») =(14+-24+3444+5+6)/6=7/2=3.5 

E(Y:)- У” »'f()-(r +22 +32 +4 +5° + 6° )/ 6 = 91/6 =15.1667 
var(Y) = Е(Ү?)-[Е(Ү)] -91/6-(7/2) =35/12 - 2.91667 

(b) 


x |0 2 4 6 
Хо) | 1/2 1/6 1/6 1/6 


Е(Х)-2 xf (x)=0(1/2)+2(1/6)+4(1/6)+6(1/6) 22 


Е(х?)= У x f (x)= 0(1/2)+2? (1/6) +4? (1/6) +6 (1/6) = 56/6 = 28/3 = 9.333 


var (X) = £(X?)-[E(X)] =28/3-2? =16/3=5.333 


(c) 
y |1 2 3 4 5 6 
Дуух=0) | 1/3 0 1/3 0 1/3 0 
Дук=2) | 0 1 0 0 0 0 
Лук-4) | 0 0 0 1 0 0 
Луік-б) | 0 0 0 0 0 1 
(4) 


E(Y|X =0)= У _у/(у|х=0)= (1/3)1«(1/3)3«(1/3)5-9/3-3 
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Exercise P.21 (continued) 
(е) Z = XY is zero if Y is odd. If Y is even X = Y, so Z = XY = X? 


2 = ху |0 4 16 36 
Қа) | 1/2 1/6 1/6 1/6 


E(Z)- E(XY)- У 2f (z)=0(1/2)+2?(1/6)+4? (1/6) 6 (1/6) = 56/6 = 28/3 


(f) 
cov(X,Y)- E(XY)- E(X)E(Y) =28/3-2(7/2)=56/6-42/6=7/3 =2.333 


Note: This exercise is adapted from Example 4.4.3 in Amemiya, Takeshi (1994) Introduction to 
Statistics and Econometrics, Cambridge: Harvard University Press. 
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EXERCISE P.22 


Let X denote the number of extra marital affairs had by a married woman in the last year. The 
probability distribution for X is 


(a) 


(b) 


(c) 


(d) 


(e) 


x ЈО) 
0 0.77 
1 0.05 
2 0.02 
3 0.03 


More than 3 0.13 
P(X =1) = 0.05 
P(X >1) = P(X =2)+ P(X 3) + Р(Х > 3) =0.02 + 0.03 + 0.13 = 0.18 
Р(Х <3) = Р(Х =0)+ Р(Х =1)+ Р(Х = 2) = 0.77 + 0.05 + 0.02 = 0.84 
P(X =1 or 2) = P(X =1)+ P(X 22) = 0.05 + 0.02 = 0.07 


P(X-lor2) 0.07 
P(X 21) 0.23 


P(X 21or2|X21)- = 0.304 
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EXERCISE P.23 


(a) | NKIDS is a discrete random variable that takes on a “countable” number of values. 


(b) and (c) 
The pdf and cdf for NKIDS up to NKIDS = 4 are given in the following table and figures. 
NKIDS pdf cdf 
0 оаа 0.1353 
7.389x1 
2 
1 ———— = 0.2707 0.4060 
7.389x1 
4 
2 — — — =0.2707 0.6767 
7.389x2 
8 
3 —  —— = 0.1804 0.8571 
7.389x6 
16 
4 — — —— = 0.0902 0.9473 
7.389x24 
40 1.0 
35 
08 


1 2 3 4 0 1 2 3 4 


Figure P.23 pdf f(nkids) and cdf F(nkids) for NKIDS 
(d P(NKIDS »1) Z1- P(NKIDS <1) 21—0.406 = 0.594 


(e)  P(NKIDS <2) =0.6767 
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EXERCISE P.24 


(a) H is a discrete random variable that can take on the values h = 0, 1, 2, 3, 4 or 5. 


(b) Тһе probabilities for h = 0, 1, 2, 3, 4 and 5, and a sketch of the pdf are given below. 


h Ха) 
0 0.07776 
1 0.25920 
2 0.34560 
3 0.23040 
4 0.07680 
5 0.01024 

.40 

:35 

.30 

25 

.20 

15 

-10 

05 

к 1 2 3 4 5 


(c) P(H € 2) = 0.07776 + 0.2592 + 0.3456 = 0.68256 


(d) E(H) = 0x 0.07776 + 1x 0.2592 + 2x 0.3456 - 3x0.2304 + 4x0.0768 +5 x 0.01024 = 2 


(e) The pdf for PRIZE is given in the following table. 


h prize f (prize) 
0 0 0.07776 
1 1000 0.25920 
2 3000 0.34560 
3 6000 0.23040 
4 10000 0.07680 
5 15000 0.01024 
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Exercise P.24 (continued) 
(f) Тһе expected value of PRIZE is 


E(PRIZE) = 0x 0.07776 +1000 x 0.2592 + 3000 x 0.3456 + 6000 x 0.2304 
+ 10000 x 0.0768 + 15000 x 0.01024 


= 3600 
Alternatively, noting that PRIZE =500H(H +1), we have 
E(PRIZE) = 500] E(H?)« E(H)] 
E 500| var) +(E(H)) + EH) | 


-500(12-4-2) 


= 3600 


We have used the fact that H has a binomial distribution with mean E(H)=5x0.4=2 and 
variance var(H) 25x0.4x(1—0.4) =1.2 
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EXERCISE P.25 
(a) P(T = 1) = 3xexp(-3) = 0.149 


P(T = 4) =3* хехр(-3)/4! =81хехр(—3)/24 = 0.168 


4! 
1!x3! 


х0.9' х0. 24x0.9x0.001 = 0.0036 


(D P(Y=1|T=4)= 


4! 
31х11 


() _ Р[У=3,Т=4]=Р(У=3|Т=4)хР(Т =4)= x 0.9* x0.1' x 0.168 = 0.049 


(d) Now, 
PY 23) =(0.9x3) хехр(-0.9х3)/3!- 0.2205 


and, hence 


P(T =4,Y =3) 0.049 


= = 0.222 
P(Y=3) 0.2205 


P(T =4|Y =Зу= 


https://gioumeh. com/ pCapgriphtt> 29:8 Wüeyples-of-econometrics/ 


